Correspondence eric.baehrecke@umassmed.edu
In Brief
A complement ortholog in Drosophila plays an essential role during developmental cell death and inflammation by influencing autophagy in neighboring cells.
INTRODUCTION
Autophagy is a conserved process that cells use to degrade their own cytoplasmic components by delivery to lysosomes (Mizushima and Komatsu, 2011) . Autophagy ensures intracellular quality control and is associated with diseases such as cancer, immune disorders, and neurodegeneration (Mizushima et al., 2008) . Most autophagy studies have focused on cell survival under nutrient limiting conditions, but it has also been associated with cell death (Baehrecke, 2005) . The Drosophila larval salivary gland undergoes steroid-triggered cell death during development and is an excellent model to study autophagy in dying cells. Both autophagy (Atg) genes and caspases are required for larval salivary gland degradation (Berry and Baehrecke, 2007) , but how autophagy is regulated during cell death is poorly understood.
Macroautophagy (hereafter autophagy) involves the recruitment of cytoplasmic cargoes to forming double-membrane vesicles known as autophagosomes (Mizushima and Komatsu, 2011) . Autophagosomes fuse with lysosomes to form autolysosomes where cargoes are degraded. Each step in this vesicletrafficking process is controlled by core Atg proteins that are conserved from yeast to humans (Mizushima and Komatsu, 2011) . Most Atg proteins and their regulators were identified through pioneering studies of the single-cell yeast Saccharomyces cerevisiae (Harding et al., 1995; Thumm et al., 1994; Tsukada and Ohsumi, 1993) , and little is known about systemic factors that signal between different cells to control autophagy within the bodies of multicellular animals.
Autophagy appears to be influenced by systemic body-wide signals, but the proteins that control autophagy are largely thought to function within individual cells. For example, nutrient deprivation was shown to induce autophagy in both flies and mice (Kuma et al., 2004; Scott et al., 2004) . Animal starvation leads to decreased growth factors and insulin-like peptide levels, and it is assumed that this decrease in insulin is the systemic signal that leads to increased autophagy because of the well-known role for the class I PI3-Kinase and mTOR nutrientsensing pathways that are both downstream of insulin and inhibit autophagy (Arico et al., 2001; Scott et al., 2004) . Secreted tumor necrosis factor (TNF) is also thought to stimulate autophagy during infection (Levine et al., 2011) . However, the best evidence for TNF-regulated autophagy in animals is based on the use of blocking antibodies in the context of tissue damage and infection (Cadwell et al., 2010) , and genetic evidence in support of TNF serving as a systemic regulator of autophagy in animals is lacking. The most direct evidence for a cell non-autonomous signal that regulates autophagy comes from studies of pathogen-stimulated autophagy in host cells, where pathogen and host receptor interactions triggered an Atg-dependent phagocytic program (Joubert et al., 2009; Sanjuan et al., 2007) . Although extracellular metabolites have been shown to influence autophagy (Eng et al., 2010) , little is known about how proteins from one cell activate autophagy in a different cell within an animal.
The complement system is best known as a regulator of inflammation and immune clearance of pathogens (Janeway et al., 2001) . Complement proteins exist as inactive protease zymogens that become activated to opsonize pathogens to facilitate clearance by engulfment, and these factors are conserved from invertebrate organisms to humans (Williams and Baxter, 2014) . Recent work suggests more diverse roles for complement, including roles in male fertility in mosquitoes (Pompon and Levashina, 2015) and in synapse pruning and a model of Alzheimer's disease in mice (Hong et al., 2016; Stevens et al., 2007) . Therefore, complement may possess diverse biological functions within animals. The macroglobulin complement-related (mcr) gene was identified as a factor that is required for phagocytosis of the fungal pathogen Candida albicans in Drosophila (Stroschein-Stevenson et al., 2006) . Here, we show that mcr is necessary for autophagy but not caspase activity during Drosophila salivary gland degradation during development. Unlike most known regulators of autophagy, mcr functions in a cell non-autonomous manner to regulate autophagy in neighboring cells within the dying salivary gland. Interestingly, mcr appears to function upstream of the conserved immune receptor Draper, a factor that functions in a cell autonomous manner to regulate autophagy in dying salivary gland cells. Surprisingly, mcr does not influence either nutrientdeprivation-induced autophagy in the fat body or developmentally programmed autophagy in the dying midgut of Drosophila. Rather, mcr is required for autophagy in embryonic macrophages where Draper is known to be required for an inflammatory response to epithelial wounds. Remarkably, this requirement for mcr is in the embryonic epidermis, indicating that this complement-related molecule also functions in a novel cell non-autonomous manner to regulate autophagy and migration to wounds. Moreover, the addition of recombinant Mcr protein to an embryonic macrophage-derived cell line is sufficient to induce autophagy that depends on draper and multiple Atg genes. These studies reveal an unexpected role for complement in the regulation of autophagy in neighboring cells that depends on an ancient immune-signaling program.
RESULTS
mcr Functions in a Caspase-Independent Manner during Salivary Gland Cell Death The immune receptor Draper is required for autophagy during salivary gland degradation where it functions upstream of Atg genes (McPhee et al., 2010) . This suggests that the Draper receptor, which mediates phagocyte recognition of dying cells (Freeman et al., 2003; MacDonald et al., 2006) , may sense an extracellular signal to control autophagy within dying cells. To test this model, we investigated the role of the Draper extracellular domain. We found that the extracellular domain of Draper was required for salivary gland degradation (Figures 1A and 1B) . Significantly, loss of the only reported Draper ligand, Pretaporter (Prtp) (Kuraishi et al., 2009) , that is expressed in salivary glands did not affect salivary gland degradation ( Figures  S1A-1C) , suggesting an unknown extracellular factor activates Draper-dependent autophagy.
Mcr, a conserved complement-related protein (Williams and Baxter, 2014) , is expressed in salivary glands and increases following the rise in steroid that triggers cell death 12 hr after puparium formation ( Figures 1C and 1D ). This prompted us to consider whether mcr is required for larval salivary gland degradation. We screened for persistence of salivary gland material 8 hr after this tissue is normally degraded (Jiang et al., 1997; Lee and Baehrecke, 2001) , at 24 hr after puparium formation. We expressed an upstream activating sequence (UAS)-promoted double-stranded inverse repeat construct designed to target mcr (UAS-mcr IR ) with the salivary-gland-specific fkhGal4 driver, which depleted Mcr protein levels in salivary glands ( Figures 1C and 1D ). Significantly more mcr IR -expressing animals possessed persistent salivary gland cell fragments compared to control animals (Figures 1E and 1F) . Targeting a different region of mcr also impaired salivary gland degradation compared to controls (Figures S1D and S1E) .
Mcr binds to the surface of the fungus Candida albicans to promote phagocytosis and clearance (Stroschein-Stevenson et al., 2006) . Therefore, Mcr could also function in phagocytic blood cells to mediate salivary gland degradation. However, driving UASmcr IR expression in blood cells did not lead to a defect in salivary gland clearance (Figures S2A and S2B) . Salivary gland destruction requires cell-growth arrest and an increase in the steroid hormone 20-hydroxyecdysone (Berry and Baehrecke, 2007; Jiang et al., 1997) . Experiments with a cell-growth reporter indicated that the salivary gland degradation defect in mcr knockdown animals was not due to a failure in cell-growth arrest ( Figure S2C ). In addition, reduced mcr function failed to alter the steroid response factors EcR and BR-C ( Figures S2D-S2G ). These data indicate that mcr is required for larval salivary gland clearance, does not alter either cell growth or steroid signaling, and functions tissue-autonomously in salivary glands during degradation.
Caspases and autophagy function additively in the clearance of larval salivary glands (Berry and Baehrecke, 2007) . Inhibition of caspases leads to the persistence of condensed cellular fragments, while blocking autophagy results in the persistence of vacuolated cell fragments. Simultaneous blockade of both caspases and autophagy leads to robust morphological preservation of large salivary gland fragments. We found that while salivary-gland-specific expression of the caspase inhibitor p35 led to the persistence of condensed cell fragments, mcr IR expression led to the presence of vacuolated cell fragments for the presence of salivary gland material (yellow circles) 24 hr after puparium formation. The images on the bottom emphasize salivary gland cellular fragments with other tissues removed. (B) Quantification of data from (A). Statistical significance: Chi-square test. (C) Western blot analyses of Mcr and Tubulin 6 hr, 12 hr, and 14 hr after puparium formation in salivary gland extracts from control and mcr knockdown animals. (D) Quantification of data from (C) . All samples are normalized to Tubulin and plotted relative to their respective 6 hr samples. Error bars, mean ± SEM; n = 3. (E) Control (n = 27) and salivary-gland-specific mcr knockdown animals (n = 24) analyzed by histology for the presence of salivary gland material (yellow circles) at 24 hr after puparium formation. (F) Quantification of data from (E) . Statistical significance: Chi-square test. See also Figure S1 .
( Figures 2A and 2B (E) Quantification of data from (C and D) . Error bars, mean ± SEM; n = 12 (control 6 hr), n = 10 (control 14 hr), n = 10 (mcr IR 6 hr), n = 14 (mcr IR 6 hr). Statistical significance: Student's t test. See also Figure S2 .
A B C D E F G H (legend on next page)
knockdown of mcr, Atg13 À/À mutant animals, or knockdown of mcr in Atg13 À/À mutant animals all possess similar salivary gland cell fragment phenotypes (Figures 3A and 3B) , consistent with mcr functioning in the autophagy pathway. Atg1 mis-expression is sufficient to induce autophagy in salivary glands and other tissues (Berry and Baehrecke, 2007; Chang et al., 2013; Scott et al., 2007) , and it suppressed the salivary gland clearance defect caused by reduced mcr function ( Figures 3C and 3D ). These data indicate that Mcr regulates autophagy and functions upstream of Atg1. We then asked whether mcr influences autophagy markers. The cargo receptor Ref (2)P (p62 in mammals) is degraded by autophagy (Nezis et al., 2008) , and we analyzed whether mcr loss influences Ref(2)P levels during salivary gland degradation. Unlike wild-type animals, which have decreased Ref (2) P levels as salivary glands activate autophagy prior to cell death, mcr knockdown in salivary glands resulted in Ref (2)P accumulation (Figures 3E and 3F) . We expressed mcr IR in all salivary gland cells and analyzed mCherry-Atg8a autophagy reporter activity (Denton et al., 2012) . Consistent with a role for Mcr in autophagy, we found that salivary glands that express mcr IR possessed significantly fewer mCherry-Atg8a puncta compared to controls (Figures 3G and 3H) . These data indicate that Mcr is required for autophagy in salivary gland cells. Although extracellular signaling molecules have been suggested to regulate autophagy, genetic evidence in support of such an extracellular signal is limited. Given that Mcr appears to be a secreted protein (Stroschein-Stevenson et al., 2006) , it could regulate autophagy activity in neighboring cells in a non-autonomous manner. To test this hypothesis, we produced mosaic salivary glands with mcr mutant cell clones and compared mCherry-Atg8a autophagy reporter-puncta formation between wild-type control (that express GFP) and mcr mutant cells (lacking GFP). To our surprise, unlike Atg gene mutants and other known autophagy regulators, including Draper, which function in a cell autonomous manner, mCherry-Atg8a puncta were present in both mcr mutant cells and neighboring control cells (Figures 4A and 4B) . Similar results were obtained with mcr knockdown (Figure S3A) . Consistent with these data, we detected Flag-tagged Mcr protein multiple cell distances away from cells where it was expressed in a pattern that is similar to endogenous Mcr ( Figure 4C ), and similar immune reactivity was not detected in salivary glands lacking Flag-tagged Mcr ( Figure S3B ). These data support a model whereby secreted
Mcr functions in a cell non-autonomous manner to regulate autophagy in salivary gland cell neighbors.
To further examine the cell non-autonomous function of Mcr, we used the temperature-sensitive Gal80 system to express mcr IR in a subset of salivary gland cells. By varying the temperature shift length, we produced salivary glands with varying numbers of wild-type and mcr IR -expressing cells ( Figure 4D ). In contrast to controls that lack both mCherryAtg8a reporter puncta and Mcr protein on the cell cortex (Figures S3C and S3D) , following temperature shift, we observed mCherry-Atg8a autophagy reporter puncta at 14 hr after puparium formation, and the number of puncta was associated with the number of control cells lacking GFP . Under these conditions, Mcr protein was detected on the cortex of salivary gland cells ( Figure S3E ). Taken together, these data provide further support for the model that Mcr can function in a cell non-autonomous manner to regulate autophagy in neighboring cells. , salivary-gland-specific mcr knockdown (n = 21), and Atg13 null mutants with salivary-gland-specific mcr knockdown (n = 11) analyzed by histology for the presence of salivary gland material (yellow circles) at 24 hr after puparium formation.
(B) Quantification of data from (A). Statistical significance: Chi-square test, not significant (n.s.). (C) Animals with salivary-gland-specific mcr knockdown (n = 24) and those with salivary-gland-specific mcr knockdown expressing Atg1 (n = 24) analyzed by histology for salivary gland material (yellow circle) at 24 hr after puparium formation. (D) Quantification of data from (C) Draper is required for activation of autophagy in salivary glands but not for starvation-induced autophagy in the larval fat body (McPhee et al., 2010) . This prompted us to investigate whether mcr is required for autophagy in other cell contexts. Reduced mcr function in either the larval fat body of starved animals (Scott et al., 2004) or the developing larval intestinal midgut (Chang et al., 2013) failed to influence autophagy (Figures S4A-S4D ). In addition, starved larvae did not exhibit a significant change in Mcr levels in the fat body ( Figures S4E  and S4F ).
We next explored whether mcr is required for macrophage migration to epithelial wounds in the Drosophila embryo where both Draper and Src42A are required (Evans et al., 2015; Weavers et al., 2016) . We knocked down mcr specifically in epithelial cells ( Figure S5A ) and analyzed macrophage recruitment to laser-induced epithelial wounds. Remarkably, reduced mcr function in the epithelial cells resulted in the recruitment of significantly fewer macrophages to wounds ( Figures 6A and  6B ), indicating that Mcr mediates an efficient inflammatory response to damage. Importantly, reduced mcr function failed to impact either macrophage number (Figure S5B ), the calcium wave associated with wounding ( Figures 6C and 6D ), or wound-closure rate ( Figure S5C ). These results prompted us to examine whether embryonic macrophages possess mCherryAtg8a autophagy reporter puncta. Not only did these cells possess autophagy reporter puncta, but both mcr and draper mutant embryonic macrophages possessed significantly fewer mCherry-Atg8a puncta ( Figure 6E ). Moreover, embryos with knockdown of mcr specifically in epithelial cells possessed significantly fewer mCherry-Atg8a puncta in their macrophages than controls (Figures 6F and 6G ). These data indicate that Mcr mediates the inflammatory response of macrophages to wounds and that this cell migration is associated with Mcr regulation of autophagy.
To determine whether application of Mcr to individual cells is sufficient to induce Atg8a puncta and activate autophagy, we used Drosophila embryonic macrophage-derived S2R + cells that possess a stable GFP-Atg8a autophagy reporter construct that is sensitive to nutrient deprivation (Anding and Baehrecke, 2015) . Significantly, the addition of recombinant Mcr protein into culture medium was sufficient to induce similar numbers of GFP-Atg8a puncta as cells cultured under nutrient-limiting conditions ( Figures 7A and 7B ). By contrast, addition of recombinant mosquito TEP1, a known ortholog of complement C3, did not induce GFP-Atg8a puncta ( Figures 7A and 7B ). 
DISCUSSION
Much is known about the regulation of autophagy, including that a conserved group of core Atg proteins function within individual cells to control this process (Mizushima and Komatsu, 2011) . Although body-wide signals are thought to control autophagy, particularly during nutrient restriction, direct genetic evidence in support of systemic activators of autophagy is limited. Our findings reveal a novel function for the complement-related protein Mcr in the control of autophagy in neighboring cells. Mcr appears to signal through the immune receptor Draper to regulate autophagy during programmed cell death and the inflammatory response of macrophages to wounds but not during nutrientdeprivation-induced autophagy in the fat body. Therefore, this There are more mCherryAtg8a puncta in salivary glands with many wild-type cells (lacking green, GFP) (E), compared to glands with one or two wild-type cells (arrow head, F). Scale bars, 50 mm. (G) Quantification of data from (E) and (F) . Error bars, mean ± SEM; n = 12 (many wild-type cells), n = 12 (few wild-type cells). Statistical significance: Student's t test. See also Figure S3. 
A C F G H E D B
(legend on next page) study highlights a mechanism by which autophagy is controlled in distinct cell contexts within an animal.
The mechanisms that underlie the cell-specific roles of autophagy must vary. Although it is logical that the core Atg proteins function in diverse cell types to control this conserved catabolic process, multiple mechanisms likely account for differences in autophagy. For example, different signaling and regulatory pathways (Chang et al., 2013; McPhee et al., 2010; Nelson et al., 2014; Tracy et al., 2016) , recruitment of distinct autophagic cargoes (Stolz et al., 2014) , different rates of autophagy (Mizushima and Komatsu, 2011) , and other regulatory mechanisms may account for cell context-specific autophagy programs. Here, we describe an autophagic program that is controlled by Mcr and Draper, proteins that have been implicated in inflammation (MacDonald et al., 2006; Stroschein-Stevenson et al., 2006) . Significantly, we show that mcr is neither required for nutrientdeprivation-induced autophagy nor for developmentally programmed autophagy in dying intestine cells. By contrast, mcr is required for autophagy in both developmentally programmed cell death of salivary glands and inflammation associated with embryonic epithelial wound healing. The identification of such specific regulators of autophagy in distinct cell contexts may be important, as this concept is at the foundation of precise modulation of autophagy for therapeutic purposes.
The relationship between cells that die by apoptosis and inflammation has been extensively studied (Ravichandran and Lorenz, 2007) . Dying cells release pro-inflammatory factors, such as cytokines, and present eat-me signals that facilitate inflammatory macrophage removal of dying cells. Draper, the Drosophila ortholog of C. elegans CED-1, is a wellknown engulfment receptor that functions in the recognition of apoptotic cells (MacDonald et al., 2006; Zhou et al., 2001) . By contrast, dying Drosophila salivary gland cells do not appear to be eaten by phagocytes (Martin and Baehrecke, 2004; McPhee et al., 2010) and do not require Pretaporter, the only known ligand of Draper (Kuraishi et al., 2009) , for salivary gland clearance. Rather, dying salivary glands use autophagy, at least in part, to facilitate self-degradation (Berry and Baehrecke, 2007) . Therefore, it is particularly interesting that the inflammatory proteins Mcr and Draper function to mediate inter-and intra-cellular activation of autophagy during salivary gland degradation. Mcr appears to signal from one cell to another via the immune receptor Draper that activates a cell autonomous autophagy program.
Autophagy is also known to influence inflammation and the immune response. The impacts of autophagy on inflammation can be multifaceted and can include modulation of pro-inflammatory signaling as well as influencing secretion of immune mediators (Deretic et al., 2013) . Furthermore, autophagy influences infection by clearance of pathogens by either xenophagy (Levine et al., 2011) or LC3-associated phagocytosis (Sanjuan et al., 2007) . By contrast, this study implicates autophagy in the regulation of inflammatory response to sterile wounds in the Drosophila embryo. Remarkably, Mcr from the wounded epidermis is required to activate autophagy in and migration of macrophages to the injury. Therefore, this study highlights the possibility that the program to control autophagy in the dying salivary gland has similarities to the inflammatory response during wound healing. It is possible that these seemingly different cell types use a common program to control autophagy without similar cellular consequences. Alternatively, autophagy could have common purposes in salivary glands and macrophages that could be important for efficient wound healing and regeneration of tissues. Although dying salivary gland cells are clearly not migratory, numerous tissue changes are occurring in the forming adult tissues at this stage in development, and it is possible that autophagy may contribute to this tissue formation by providing metabolic substrates. In addition, it is possible that during this developmental period with extensive tissue remodeling, including that within the intestine, autophagy in the salivary gland somehow helps to prevent infection.
The relationship between Mcr and Draper is likely an ancient mechanism for activation of the Draper immune receptor, as C1q has recently been shown to activate Megf10 in mammals (Iram et al., 2016) . Complement has been most studied in the context of pathogen clearance, but recent studies also highlight the importance of complement in other contexts (Kolev et al., 2014) , including roles in microglial synapse pruning and in a mouse model of Alzheimer's disease (Hong et al., 2016; Stevens et al., 2007) . This study highlights the potential role of autophagy in complement-associated processes. Since autophagy machinery has been associated with both neurodegeneration (Mizushima et al., 2008) and immune disorders, for example, through the function of non-canonical LC3-associated phagocytosis (Martinez et al., 2016) , it will be interesting to determine whether complement and autophagy are associated in human diseases. and drpr D5 . Scale bars, 50 mm.
(F) Quantification of data from (E) . Error bars, mean ± SEM; n R 18. Statistical significance: Student's t test.
(G) Animals with either salivary-gland-specific knockdown of mcr (n = 31) or salivary-gland-specific knockdown of mcr with expression of constitutively active src42A (n = 12) analyzed by histology for the presence of salivary gland material (yellow circles) at 24 hr after puparium formation.
(H) Quantification of data from (G). Statistical significance: Chi-square test. See also Figure S4 . (legend continued on next page)
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Further information and requests for resources and reagents may be directed to and will be fulfilled by the Lead Contact, Eric H. Baehrecke (Eric.Baehrecke@umassmed.edu). -p35 (Hay et al., 1994) , UAS-Atg1 GS10797 (Scott et al., 2007) , UAS-src42a ca (Tateno et al., 2000) , UAS-Drpr-I-NSS::TMD/ICD. For clonal mis-expression and RNAi studies we used yw hsFlp; +; Act>CD2 > Gal4 (''>'' is FRT site), UAS-GFP (nls), yw hsFlp; pmCherry-Atg8a; Act>CD2 > Gal4, UAS-GFP (nls) and Sp/Cyo; Tub P >stop > Gal80/ Tb (Bohm et al., 2010) . mCherry-Atg8a was used as a marker for autophagy (Denton et al., 2012) , and tGPH was used as an activity reporter of phosphatidylinositol-3,4,5-P3 (Britton et al., 2002) . To obtain flies containing Flag-tagged Mcr, we inserted the entire coding region of Mcr cDNA isolated from clone LD23292 (Drosophila Genomics Resource Center, Bloomington, IN, USA) into pTWF vector from Drosophila Gateway vectors and we generated transgenic flies following standard procedures (Rubin and Spradling, 1982) . Six fly lines carrying the transgene on the second or third chromosome were established, and one with it on the third chromosome was used.
EXPERIMENTAL MODELS AND SUBJECT DETAILS

METHOD DETAILS Protein Extracts and Western Blotting
Salivary glands were dissected from wild-type Canton-S and mcr IR animals staged 6, 12, and 14 hr after puparium formation at 25 C. Salivary glands were homogenized in Laemmli buffer (0.1% glycerol, 2% SDS, 0.125 M Tris [pH 6.8], 0.05% b-mercaptoethanol, and 0.05% bromophenol blue) and boiled for 5 min at 100 C. Equal amounts of proteins were separated on 4%-15% SDS polyacrylamide gels. Proteins were transferred to 0.45 mm Immobilon-P membranes (Millipore) according to standard procedures. Blots were stripped with low-pH stripping buffer (25 mM glycine-HCl, pH 2, 15[w/v] SDS) between antibodies. We used guinea pig anti-Mcr (1:500, Robert Ward), mouse anti-ecdysone receptor (1:500, Developmental Studies Hybridoma Bank), mouse anti-Broad Complex (1:100, Developmental Studies Hybridoma Bank), rat anti-Ref(2)P (1:5000, Harald Stenmark), rabbit anti-Atg8 (1:2000, Gabor Juhasz), rat anti-pretaporter (1:500, Yoshinobu Nakanishi), mouse anti-actin (1:100, Developmental Studies Hybridoma Bank) and mouse anti-b-Tubulin (1:50, Developmental Studies Hybridoma Bank) primary antibodies. Three independent biological repeats were performed.
Histology
Flies were maintained at 25 C and aged to 24 hr after puparium formation. For paraffin sections and light microscopy, whole pupae were fixed in FAAG (80% ethanol, 4% Formaldehyde, 5% Acetic Acid, 1% Glutaraldehyde) overnight at 4 C, embedded in paraffin, sectioned, stained with Weigert's Hematoxylin and Pollack Trichrome, and examined using a Zeiss Axiophot II microscope.
Immunolabeling and microscopy For immunohistochemistry, salivary glands were dissected from animals staged relative to puparium formation at 25 C, fixed in 4% paraformaldehyde overnight at 4 C, blocked in PBS, 1% BSA and 0.1% Tween-20 (PBSBT) for 2 hr at room temperature, and incubated with primary antibodies overnight at 4 C. We used rabbit anti-cleaved-Lamin (Asp 230) (1:500, Cell Signaling Technology), guinea pig anti-Mcr (1:200, Robert Ward) antibodies, and mouse anti-Flag (1:200, Sigma-Aldrich). Following incubation with primary antibodies, salivary glands were washed for 4 X 30 min in PBSBT, incubated with appropriate secondary antibodies for 2 hr at room temperature, and washed for 1 hr in PBSBT. Salivary glands were mounted in Vectashield (Vector Laboratories) and examined using a Zeiss Axiophot II microscope. For mCherry-Atg8a and tGPH analyzes, salivary glands were dissected from animals staged relative to puparium formation at 25 C, fixed in 4% paraformaldehyde containing 2 mM Hoechst stain for 15 min at room temperature, washed in PBS, and mounted in PBS. mCherry-Atg8a puncta were quantified using Zeiss Automeasure software.
Embryos were fixed in 4% formaldehyde and devitellinized before washed with PAT (1% BSA and 0.1% Triton X-100 in PBS). Embryos were then transferred to fresh PAT containing primary antibody and rolled overnight at 4 C. After futher washes in PAT, embryos were incubated for 2 hr at room temperature in fresh PAT containing secondary antibody. After further washes in PBT, embryos were mounted on slides using Vectashield and visualized by confocal microscopy. We used rat anti-mCherry (1:500, Cappel), purified mouse anti-Fascin (1:200 clone sn7C, Developmental Studies Hybridoma Bank) and guinea pig anti-Mcr (1:200, Robert Ward) as primary antibodies with goat anti-rat-CF594 (Sigma-Aldrich), goat anti-mouse-FITC (Jackson Immunoresearch Laboratories) and goat anti-guineapig-AlexaFluor647 (Molecular Probes) used as secondary antibodies, respectively. virgins to w; pmCherry-Atg8a; fkh-Gal4, UAS-GFP (nls) males. We obtained an overnight egg lay at 25 C, and following the egg lay, temperature shifted embryos at 37 C for 1 hr.
Induction of cell clones
Starvation of larvae
We either allowed early third instar larvae to remain in the food (fed) or transferred them from food to 20% sucrose (starved) in PBS for 4 hr.
Live imaging of Drosophila blood cells
For live imaging experiments, stage 15 embryos were collected from overnight apple juice agar plates and mounted on slides in a minimal volume of 10S Voltalef oil (VWR), following dechorionation in bleach for 1 min and extensive washing in water. All imaging was carried out at room temperature. For quantification of wound responses, epithelial wounds were induced using a nitrogenpumped Micropoint ablation laser tuned to 435 nm (Andor Technologies). Embryos were then imaged at 60 min post-wounding using a 40X oil immersion objective lens on a PerkinElmer UltraView spinning disc microscope. To quantify blood cell responses to wounds, the number of blood cells in contact with/inside the wound edge was determined from z stack images. Wound size was determined from red channel images in ImageJ. The number of macrophages was then divided by the wound perimeter and the value normalized to the appropriate control.
S2R + cell culture and RNAi
Drosophila S2R + cells (Anding and Baehrecke, 2015) were cultured in Schneider's medium (GIBCO) supplemented with 10% fetal bovine serum (FBS, GIBCO), 1% Glut-MAX (GIBCO), and 0.2% Penicillin-Streptomycin (Pen-Strep). S2R + cells were plated into 96-well plates at a density of 30,000 cells per well in a culture volume of 150 mL per well. dsRNA was added to a final concentration of 13 mg/ml, and the cells were incubated for four days at 25 C to allow for depletion of the corresponding gene product.
Recombinant Protein Expression and Purification
Recombinant proteins were produced using the Bac-to-Bac baculovirus expression system (Thermo Fisher). A. gambiae TEP1 was cloned into pFastbac1 (Invitrogen) by using RseII/SpeI restriction sites, including the native signal peptide and a C-terminal 6 3 His tag. Protein was expressed in High Five cells (Invitrogen) grown to a density of 1.2 million/ml in Excel-405 medium (JRH Biosciences) and infected with virus [multiplicity of infection (moi) z1.0]. Protein was expressed for 80-90 hr at 27 C. The cells were spun down at 3,300 x g, and the supernatant was concentrated to 1/10 the starting volume by using a tangential concentrator (Millipore). Concentrated medium was dialyzed in PBS (pH 7.4) for 12-16 hr at 4 C. The dialyzed medium was loaded onto Talon resin (Clontech), washed with 10 CV (100ml) wash buffer [20mM Tris (pH 7.8)/250 mM NaCl] and eluted by a step gradient [250 mM imidazole (pH 7.8)]. The eluate was immediately desalted on a HiTrap 26/10 column (GE Healthcare) equilibrated with Q buffer [20 mM Tris (pH 8.0)/100 mM NaCl]. Desalted protein was loaded onto a MonoQ column (GE Healthcare) and eluted with a linear gradient from 100-600 mM NaCl. Further purification was achieved by gel filtration (Superdex 200; GE Healthcare) equilibrated with S buffer [20 mM HEPES (pH 7.5)/100 mM NaCl], followed by cation exchange on a MonoS column (GE Healthcare). Pure TEP1 protein eluted at z200 mM NaCl. The entire Mcr ectodomain (sMcr) including the native signal peptide (aa 1-1725 of DGRC cDNA clone LD23292) was subcloned into pFastbac1 with a C-terminal 6 3 His tag. Protein was secreted by T. ni cells cultured in ESF-921 media (Expression Systems LLC) and harvested at 72 hpi. Following concentration and diafiltration in 0.2 M NaCl, 20 mM Tris pH 7.8, sMcr-6xHis was purified on Co-Talon (Clontech) and eluted with a gradient on 0-250 mM imidazole. The crude eluate was purified to homogeneity by anion exchange chromatography on MonoQ 10/10 (GE Healthcare) with 20 mM Tris pH 8.5, 80-600 mM NaCl, and size-exclusion chromatography Superdex200 16/60 (GE Healthcare) with 20 mM HEPES pH 7.5, 150 mM NaCl. The purified protein was concentrated to > 1 mg/ml with 20% w/w glycerol, aliquots flash-frozen in liquid nitrogen and stored at À80 C until use.
QUANTIFICATION AND STATISTICAL ANALYSES
All experiments were performed independently at least three times. For GFP-Atg8a puncta quantification, at least 15 random images were chosen and the number of cells with GFP-positive puncta were counted. An average of 80 cells were examined for each group, and P values were calculated using a two-tailed unpaired t test. For animal studies, sample sizes were determined empirically based on previous studies to ensure appropriate statistical power. No animals were excluded from statistical analyses, the experiments were not randomized, and the investigators were not blinded.
